Abstract Women have a higher prevalence of post-traumatic stress disorder (PTSD) than men, with a peak during the reproductive years. PTSD during pregnancy adversely impacts maternal and infant health outcomes. The objectives of this study were to estimate the prevalence of antepartum PTSD symptoms in a population of pregnant Peruvian women and to examine the impact of number of traumatic events and type of trauma experienced. The Traumatic Events Questionnaire was used to collect data about traumatic exposures. The Posttraumatic Stress Disorder Checklist-Civilian Version (PCL-C) was used to assess PTSD. Multivariable logistic regression procedures were used to estimate adjusted odds ratios (aOR) and 95% confidence intervals (95% CI). Three thousand three hundred seventy-two pregnant women were interviewed. Of the 2920 who reported experiencing one or more traumatic events, 41.8% met criteria for PTSD (PCL-C score ≥ 26). A quarter of participants had experienced four or more traumas, and 60.5% of those women had PTSD. Interpersonal trauma was most strongly associated with PTSD (aOR, 3.20; 95% CI, 2.74-3.74), followed by unspeakable trauma (aOR, 2.87; 95% CI, 2.35-3.50), and structural trauma (aOR, 1.39; 95% CI, 1.15-1.67). These findings indicate the high prevalence of PTSD during pregnancy in the Peruvian population, which is relevant to other countries suffering from terrorism, war, or high rates of violence. This underscores the importance of screening for PTSD in pregnancy.
Introduction
Post-traumatic stress disorder (PTSD) is characterized by clinically significant distress or functional impairment, as a result of directly experiencing, witnessing, or learning of a loved one's experience of a traumatic event (e.g., threatened death, serious injury, or sexual violence) (American Psychiatric Association 2013). Symptoms include re-experiencing the traumatic event, avoiding reminders of the trauma, hyperarousal, and negative mood states. The lifetime prevalence of PTSD in the United States (US) has been estimated at 6-8% (Kessler et al. 2005; Kessler et al. 1995; Pietrzak et al. 2011) . The global prevalence of PTSD has not been wellcharacterized, but the World Mental Health (WMH) surveys have identified prevalence in a number of countries ranging from 1 to 10% (Atwoli et al. 2015; Koenen et al. 2016 ).
The prevalence of exposure to trauma has been estimated at 50-80%, approximately ten times that of PTSD (Atwoli et al. 2015; Benjet et al. 2016 ). Trauma exposure is thus more frequent than PTSD, and researchers have begun to focus on the question of what confers susceptibility and resistance. The total burden of trauma experienced has been associated with PTSD. When individuals have had prior traumatic exposures, they are more likely to develop PTSD following a subsequent trauma (Bremner et al. 1993; Breslau et al. 1999; Karam et al. 2014) . PTSD risk is particularly elevated following trauma in adulthood among individuals who suffered severe childhood abuse (Breslau et al. 2014 ). Trauma type is another variable that impacts the risk of PTSD, with higher rates and greater symptom severity associated with interpersonal trauma .
Women are at particularly elevated risk for PTSD during their reproductive years, with a peak around the time of childbirth (Onoye et al. 2013 ). There are likely hormonal as well as psychological reasons for this (Leeners et al. 2006; Onoye et al. 2013; Seedat et al. 2005) . For women with histories of sexual abuse, the bodily changes, sensations, and obstetric care during pregnancy can trigger memories of abuse (Leeners et al. 2006) . Some women become hypervigilant to these experiences, while others report dissociation (Heritage 1998) .
PTSD during pregnancy has been associated with a number of risk behaviors and health consequences. It has been associated with inadequate prenatal care (Kim et al. 2006) , smoking during pregnancy (Lopez et al. 2011) , pre-term birth, and low birth weight (Lipkind et al. 2010; Seng et al. 2011) . However, the prevalence of PTSD during pregnancy has not been well-characterized. Two studies have reported the prevalence as 2.3 (Soderquist et al. 2004 ) and 7.7% (Loveland Cook et al. 2004) . A systematic review found that the prevalence of PTSD symptoms during pregnancy has been reported to be as high as 25% (Ross and McLean 2006) . The impact of overall trauma burden and trauma type on antepartum PTSD has not been described. Our group has previously studied the impact of trauma on depression and suicidal ideation during pregnancy (Zhong et al. 2016) . However, it is not known how number of exposures and type of trauma influence the presence and severity of PTSD in this population. Moreover, few studies have documented the prevalence of trauma exposure and PTSD in pregnant women and even fewer in LMICs (low-and middleincome countries). The prevalence of PTSD among Peruvian women of child-bearing age has not been described in the literature. The objectives of this study were to estimate the prevalence of PTSD symptoms in pregnant Peruvian women and to examine the extent to which number and type of trauma were associated with antepartum PTSD in this population.
Materials and methods

Participants and procedure
Participants in this cross-sectional study were women who received prenatal care at the Instituto Nacional Materno Perinatal (INMP) from February 2012 through March 2014 and who enrolled in the ongoing Pregnancy Outcomes, Maternal, and Infant Cohort Study (PrOMIS). The INMP is the primary reference establishment for maternal and perinatal care operated by the Ministry of Health of the Peruvian Government. It serves low-income women who are publicly insured. According to the World Bank, 21.8% of Peruvians were living in poverty in 2015 (World Bank Group 2016). In the same year, 18,512 women gave birth at INMP. Eligible participants were pregnant women who were at least 18 years of age, initiated prenatal care prior to16 weeks of gestational age, and could speak and read Spanish. Pregnant women were excluded if they were pregnant with twins, had known fetal malformation, or had a history of intellectual disability, chronic hypertension, diabetes mellitus, sepsis, or renal failure. All participants provided written informed consent prior to interview. The institutional review boards of the INMP, Lima, Peru, and the Harvard T.H. Chan School of Public Health, Office of Human Research Administration, Boston, MA, approved all procedures used in this study.
Our study population is derived from information collected from participants who enrolled in the PrOMIS cohort. During the study period, a total of 3372 participants completed the structured interview, approximately 81% of eligible women who were approached. Details of the study setting and data collection procedures have been described previously (Barrios et al. 2015) . Briefly, each participant was interviewed in a private setting at INMP by trained research personnel using a structured questionnaire, which was completed by the interviewer. The questionnaire was used to elicit information regarding maternal sociodemographic and lifestyle characteristics, traumatic exposures, and PTSD symptoms. For the analysis described here, we excluded participants who did not endorse any traumatic exposures in their lifetime (N = 409) because, by definition, they could not be diagnosed with PTSD (American Psychiatric Association 2013). The final analysis included 2920 participants who endorsed at least one traumatic event. Excluded participants did not differ from the rest of the cohort with regard to sociodemographic variables.
Measures
The Traumatic Events Questionnaire (TEQ) was used to collect data about traumatic exposures. The TEQ is an 11-item instrument that assesses nine different types of events (See Table 3 ), as well as other trauma and unspeakable trauma.
For this study, the following item was added to assess pregnancy-related trauma: BHave you ever experienced pregnancy complications (e.g., stillbirth, miscarriage, abruption placentae, or serious genetic abnormality)?^For each event endorsed, participants were asked about the frequency, age at the time of the event, degree of injury, degree of life threat, degree of distress, and degree of how traumatizing the event was at the time of the assessment, using a 7-point Likert scale (Vrana and Lauterbach 1994) . The TEQ was translated into Spanish by a team of bilingual Peruvian clinicians, including co-author SES. It was then back-translated into English and the process was repeated until there was agreement among the translators.
The Spanish-language version of the Post-traumatic Stress Disorder Checklist-Civilian Version (PCL-C) was used to assess PTSD symptomatology during the past month. The PCL-C uses 17 items designed to assess PTSD according to the Diagnostic and Statistical Manual of Mental Disorders (DMS-IV) criteria (Weathers et al. 1991) . Each item assesses PTSD symptoms experienced over the past month on a 5-point Likert scale, with a total score ranging from 17 to 85. The PCL-C has demonstrated internal consistency, inter-rater reliability, test-retest reliability, and convergent validity among both clinical and non-clinical populations (Wilkins et al. 2011 ). The Spanish-language version has been found to have similar psychometric properties to the Englishlanguage version (Miles et al. 2008 ). We used a score of 26 or greater to denote significant PTSD symptoms, to which we will refer as prevalent PTSD. Recent data from our team support that a PCL-C score of 26 or higher on the Spanishlanguage version is associated with an 86% sensitivity and 63% specificity in diagnosing PTSD in a Peruvian population using the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria (Gelaye et al., in review; available upon request) . Further, we also examined PTSD using the established cut-off score of 44 or higher, which has a sensitivity of 0.94 and a specificity of 0.86 (Blanchard et al. 1996) .
Sociodemographic and other maternal characteristics were categorized as follows: age (18-19, 20-29, 30-34 , and ≥ 35 years), educational attainment (≤ 6, 7-12, > 12 completed years of schooling), maternal ethnicity (Mestizo vs. others), marital status (married/living with partner vs. others), employment during pregnancy (employed vs. not employed), access to basics including food (very hard/hard/ somewhat hard vs. not very hard), planed pregnancy (yes vs. no), nulliparous (yes vs. no), and gestational age at interviews (weeks). Maternal early pregnancy body mass index ( 
Data analysis
We examined the frequency distributions of maternal characteristics according to PSTD symptoms. When comparing categorical variables, we used chi-square test, while Student's t test was used for continuous variables (e.g., maternal age and gestational age). We used two analytical approaches to examine the association between prevalent PTSD and history of traumatic events using logistic regression procedures. First, we evaluated the odds of prevalent PTSD in relation to number of traumatic events as a continuous variable. Next, we assessed the odds of prevalent PTSD across the three groups of traumatic events (1-3, 4-6, ≥ 7 traumatic events) using logistic regression procedures. Women who endorsed 1-3 traumatic events comprised the reference group with which women in the other two categories were compared. We evaluated the linear trend in the odds of PTSD by treating the three groups as a continuous variable after assigning a score (i.e., 1, 2, 3) for successive groups. Finally, we explored the possibility of non-linear relationship between number of traumatic events and PTSD risk by fitting a multivariate logistic regression that implemented as generalized additive modeling (GAM) procedures with cubic spline functions between the number of traumatic events and prevalent PTSD. Statistical analyses were performed using SAS 9.4 (SAS Institute 2016) and R software version 3.1.2 (R Foundation for Statistical Computing 2015). All reported confidence intervals were calculated at the 95% level. All reported P values are twotailed and deemed statistically significant at α = 0.05.
Results
Selected sociodemographic data and reproductive characteristics of participants are presented in Table 1 . The mean age of participants was 28.3 years (standard deviation, SD 6.3 years), and the mean gestational age was 9.2 weeks (SD 3.5 weeks). The majority of participants were Mestizo (75.1%), married (80.5%), and with ≤ 12 years of education (58.1%). Difficulty accessing basic needs, including food, was reported by 51.4% of participants, and 58.5% reported unplanned pregnancy. Approximately 26% of study participants reported at least four types of traumatic events in their lifetime. Of the 2920 who reported experiencing one or more traumatic events in their lives, 41.8% met criteria for PTSD (PCL-C score ≥ 26). Characteristics of study participants by PTSD are also presented in Table 1 . Overall, those with PTSD were more likely to be younger, non-Mestizo ethnicity and to report difficulty accessing basic needs. Those with PTSD were also more likely to report unplanned pregnancy, multiparity, and high frequencies of traumatic events.
The association between number of traumatic events experienced and prevalent PTSD is presented in Table 2 . First, we evaluated traumatic events as a continuous score. After adjusting for confounders, a one traumatic event increase was associated with a 46% increased odds of prevalent PTSD (aOR = 1.46; 95% CI 1.39-1.54). Next, we assessed the odds of prevalent PTSD across the three groups of traumatic events (1-3, 4-6, ≥ 7 traumatic events). Participants who reported 4-6 traumatic events had a 2.58-fold increased odds (aOR = 2.58; 95% CI 2.16-3.07) of having prevalent PTSD, compared with those who reported only 1-3 traumatic events; those who experienced seven or more traumatic events had 9.33-fold increased odds (aOR = 9.33; 95%CI 5.82-14.97) of prevalent PTSD. The regression splines demonstrated the non-linear associations between the log odds of prevalent PTSD and number of traumatic events (Fig. 1) . The Akaike information criterion (AIC) for the logistic regression model (Kleinbaum et al. 2014 ) was 3700.2, while the AIC for the spline model was 3699.349. This indicates that the spline model is slightly better than the logistic regression using number of traumatic events as a continuous score.
The results remained similar using PCL-C cut-off score of 44 to identify PTSD (Supplementary Table 2 ). For instance, after adjusting for confounders, women who suffered from four to six traumatic events had a 3.55-fold increased odds of PTSD (95% CI 2.59-4.86) as compared to women with 1-3 traumatic events. Women who suffered seven or more traumatic events had a 7.89-fold increased odds of PTSD We next evaluated the association of specific types of traumatic events with PTSD. These findings are presented in Table 3 . The events that were most frequently experienced by participants with prevalent PTSD were pregnancy complications (50.8%), child physical or sexual abuse (43.6%), receiving news of the mutilation, serious injury or unexpected death of a loved one (42.0%), and rape, robbery, or assault (41.5%). Among the 2920 participants who had experienced one or more traumatic events, unwanted sexual contact as an adult was associated with a 4.06-fold increased odds (aOR = 4.06; 95% CI 3.03-5.43) of having PTSD. Child physical or sexual abuse was associated with a 3.43-fold increased odds (aOR = 3.43; 95% CI 2.89-4.07) of having PTSD. Adult physical abuse was associated with a 2.31-fold increased odds (aOR = 2.31; 95% CI 1.93-2.77) of having PTSD. Life-threatening injury was associated with a 2.03-fold increased odds (aOR = 2.03; 95% CI 1.70-2.43) of having PTSD. Witnessing a violent death was associated with a 1.77-fold increased odds (aOR = 1.77; 95% CI 1.45-2.15) of having PTSD. Experiencing a serious accident was associated with a 1.23-fold increased odds (aOR = 1.23; 95% CI 1.03-1.48) of having PTSD. Random violence, such as robbery or assault, was associated with a 1.22-fold increased odds (aOR = 1.22; 95% CI 1.05-1.43) of having PTSD. Experiencing a natural disaster was not statistically significantly associated with developing PTSD nor was experiencing pregnancy complications. In the additional item Fig. 1 Relation between number of traumatic events and odds of PTSD (solid line) with 95% CI (dotted lines). Abbreviations: PTSD post-traumatic stress disorder, CI confidence interval. Vertical bars along X axis indicate distribution of study subjects assessing for pregnancy complications, on average, participants rated the event's traumatic intensity when it occurred as 7 on a scale from 1 to 7 and as 3, at the time of the assessment. This was the same as random violence and only slightly less traumatic than adult sexual abuse, which was 7 when it occurred and 4 at the time of the assessment. Abbreviations: TEQ traumatic event questionnaire, PTSD post-traumatic stress disorder, PCL-C PTSD Checklist-Civilian, OR odds ratio, CI confidence interval a Adjusted for maternal age (continuous), race/ethnicity (other vs. Mestizo), and difficulty paying for the very basics (hard vs. not very hard)
Interpersonal trauma included child and adult physical and sexual abuse; structural trauma included all other specified trauma types: natural disaster, serious accident, fire, explosion, rape, robbery, assault, witness a violent death, in serious danger of losing life, and receiving news of violence done to someone close. As shown in Fig. 2 , interpersonal trauma was most strongly associated with PTSD (aOR = 3.20; 95% CI 2.74-3.74), followed by unspeakable trauma (aOR = 2.87; 95% CI 2.35-3.50) and structural trauma (aOR = 1.39; 95% CI 1.15-1.67).
Discussion
The prevalence of PTSD symptomatology in our study population was 36.2%, more than four times the lifetime prevalence that has been reported in the US and globally (Atwoli et al. 2015; Kessler et al. 2005; Kessler et al. 1995; Pietrzak et al. 2011) . It is 5-15 times the prevalence that has been reported during pregnancy (Loveland Cook et al. 2004; Ross and McLean 2006; Soderquist et al. 2004) . While the trauma exposure rate of 86.6% was slightly higher than what has been previously reported (50-80%) (Atwoli et al. 2015) , the rate of PTSD per exposed individual (41.8%) was more than twice that of previous estimates (2-20%) (Atwoli et al. 2015; Breslau et al. 2014) . The causes of this are likely multifactorial, relating to quantity of trauma experienced, type of trauma, pregnancy-specific factors, and sociocultural factors. For over 30 years, Peru has been a country affected by numerous acts of terrorism and violence incited by the communist group Sendero Luminoso (BShining Path^), which sought the removal of the existing Peruvian government (Borba et al. 2015) . The 69,280 victims were killed in the internal conflict between 1980 and 2000 (Barrientos Hernandez and Church 2003 , contributing to a culture of violence and collective trauma.
The women in our study experienced a high burden of trauma. A quarter (25.9%) of participants had experienced four or more different types of traumatic events, and a majority of those women (60.5%) reported experiencing symptoms of PTSD. This is consistent with previous findings that suggest that more traumatic exposures increases PTSD risk (Bremner et al. 1993; Breslau et al. 1999; Post and Weiss 1998) . Our study also found higher prevalence of PTSD associated with interpersonal trauma; women who reported interpersonal trauma had a 3.20-fold increased risk of PTSD compared to women who experienced any trauma. This is consistent with what previous studies have documented (Frans et al. 2005; Kessler et al. 2014; Seedat et al. 2003) . Frans et al. found that sexual assault was associated with a fivefold increase (OR = 5.02; 95% CI 2.87-8.87) in PTSD risk in the general population in Sweden. We also found that unspeakable trauma, events that participants declined to specify, was associated with a 2.87-fold increased risk of PTSD, nearly as high as interpersonal trauma, compared with structural trauma (1.39-fold) and pregnancy complications (1.08-fold). This finding has not been described in the literature. We speculate that because of the similar impact upon PTSD, as well as the shame associated with interpersonal trauma and the fear of retaliation by the perpetrator, interpersonal trauma is more likely to be experienced as unspeakable than other types of trauma. With 11.4% of participants reporting such experiences, the actual rate of interpersonal trauma may be even higher than estimated.
Childhood physical and sexual abuse in particular were strong predictors of PTSD in our study population, which can be explained by the finding that women with histories of childhood sexual abuse report flashbacks and other reexperiencing symptoms during pregnancy (Leeners et al. 2006). This has been linked both to the physical sensations of pregnancy and childbirth and the anxiety women have about what may happen to their children, given what they experienced during childhood (Buist 1998; Farber et al. 1996; Heritage 1998; Leeners et al. 2006) . Adult sexual abuse was associated with higher odds of PTSD than childhood physical and sexual abuse. Given our prior findings demonstrating that childhood abuse as a significant predictor of adult abuse and re-victimization (Barrios et al. 2015) , it is likely that the subset of child abuse survivors who experienced the most severe psychological sequelae went on to suffer further abuse as adults and to develop PTSD.
There were a number of limitations to this study. First, history of trauma and PTSD symptoms was assessed based on self-report. There is a risk of systematic non-disclosure leading to misclassification. There is also a risk of nonsystematic recall bias, which could lead to underestimating the association. Previous studies have reported that individuals are likely to minimize past trauma in the interview setting (Ellsberg et al. 2001 ). For example, longitudinal studies of adults whose childhood abuse was documented have found that participants tend to underestimate actual experiences of childhood abuse (Della Femina et al. 1990; Williams 1995) . PTSD symptoms can also increase reporting of trauma, leading to an over-estimation of the association between trauma and PTSD (Koenen et al. 2007) .
To mitigate the risk of systematic reporting errors, a standard questionnaire was used to collect information from all study participants. Second, the research team worked to make sure that neither the interviewers nor study participants were aware of the research hypotheses. Third, this is a prospective cohort study that will collect data on pregnancy and fetal outcomes, but that data is not available at this time. We did not have information on the temporal relationship between the onset and end of the reported trauma exposures, which precludes the determination of causality in this relationship. Nor did we have data on onset of PTSD or lifetime history of PTSD. Finally, results from our hospital-based study may not be applicable to the general population of women because women seeking care at INMP are primarily from a low socioeconomic background and may have high-risk pregnancies. However, our study provides data on an important population in Peru, a population of pregnant women that has been documented to have a high burden of social, medical, and mental health problems (Barrios et al. 2015; Cripe et al. 2011; Gelaye et al. 2010; Perales et al. 2009; Zhong et al. 2016) .
Conclusions
These findings indicate that a greater trauma burden and exposure to interpersonal trauma, particularly sexual trauma, are both predictive of PTSD in pregnant women. Further research is needed to determine whether other pregnant populations with lower rates of trauma exposure have the same risk factors for PTSD. Identifying and treating PTSD in pregnant women are important to prevent risk behaviors and negative health consequences to women and their offspring, including preterm birth and low birth weight (Lipkind et al. 2010; Seng et al. 2011) . It is noteworthy that while structural trauma, like natural disasters, draws international attention, interpersonal trauma is associated with greater psychological impact. However, individuals who have already suffered PTSD in association with previous trauma are more likely to develop symptoms following subsequent trauma exposure. Thus, in a setting where interpersonal violence is common and treatment resources are limited, the consequences of a structural trauma in those who have experienced interpersonal violence would likely be more devastating than they would be in a setting with a lower incidence of interpersonal violence, illustrating how physical and sexual abuse can have extensive unanticipated downstream effects.
